4 major isomer being formed (i.e. where both metal centres are bound via the N2 nitrogen).
In order to confirm the coordination mode of the complexes, 1 H NMR spectroscopy was employed 12 . Figure 4 shows the 1 H NMR spectra of 6a and its mononuclear analogue m6a. The only significant differences between the mononuclear and binuclear complexes arise from the proton signals due to the spacer group (e.g. the thienyl moiety). For m6a signals corresponding to the H3 (d), H4 (dd) and H5 (d) of the monosubstituted thienyl ring are observed at between 7.0 and 7.6 ppm. For 6a a single resonance at ~7.45 ppm (2H) is observed. An additional consideration is the presence of stereoisomers. It would be expected that the binuclear complexes would exhibit twice the number of proton signals due to the presence of diastereoisomers as is the case for 1a 7d , however due to the large separation of the metal centres, no appreciable differences between the spectra of the diastereoisomers are observed. It is clear that the spectra of the mono and binuclear complexes are almost identical, confirming that the binuclear complexes are N2N2 bound, in agreement with related complexes 7, 8, 12, 15 . For 4, 5 and 6b N2N2 coordination was confirmed by 1 H NMR spectroscopy in a similar manner. For 4, three phenyl resonances (4H) are observed confirming the metasubstitution of the phenyl spacer, whilst for the para-substituted phenyl ring of 5, only a single phenyl resonance (4H) is found. As for m6a, in the mononuclear complexes m4, m5 and m6a the loss of symmetry results in an increase in the number of bridging ligand resonances.
7 from the metal to the bpy ligands. The weak interaction of the metal units indicated by the oxidation behaviour in the dinuclear complexes is reflected in the reduction patterns observed. In all the dinuclear complexes the first peak is attributed to simultaneous oneelectron reduction of a bpy ligand at each metal centre 18 . The electron rich nature of the thienyl moiety (as indicated by its low oxidation potential) and of the 1,2,4-triazole based ligands, being weaker π-acceptors than bpy, ensures that they are more difficult to reduce and these redox couples lie outside the potential window investigated. As has been found for other diimine complexes, irreversible waves corresponding to the second reduction process of the bpy ligands and desorption spikes are observed at negative potentials 24, 25 . This situation is particularly aggravated for measurements involving the protonated complexes. As reported previously by Hage 18 and others, it is very difficult to obtain satisfactory reduction potentials in acidic solutions due to adsorption onto the electrode surface and deprotonation at negative potentials.
Electronic and acid/base properties of Ru(II) complexes
The UV.Vis absorption data for all complexes are shown in Table 1 . The electronic absorption spectra of all complexes are dominated in the visible region by dπ -π * metal to ligand charge transfer (MLCT) transitions typical of complexes of this type 7, 8, 27 and mononuclear m4/m5 and dinuclear 4/5 complexes in their protonated and deprotonated forms reveals that the energies of the absorption bands are not significantly different, with the extinction coefficients of the binuclear complexes being twice those of the mononuclear complexes (Table 1) . For 6a and 6b, the situation is complicated by the presence of two absorption bands at ~ 360 nm and 500 nm which are absent in the spectra of 4 and 5. These bands are likely to be due to the thienyl group and have been observed previously for terpyridine based thienyl bridged systems 16 . Upon protonation of the coordinated triazole rings, these absorption features are blue shifted indicating a destabilisation of the thienyl based π* energy levels.
The acid dissociation constants (pK a ) for all new complexes were determined from the change in the absorption spectra of the complexes with changing pH. For the binuclear complexes, 4, 5 and 6a/6b only a single protonation step is observed ( Figure 5 ). The pK a values of complexes (1.25 to 3.3) are found to be strongly dependent on the substituent in the C5 position, in agreement with previous studies 27 , with the pK a values obtained for m6a/m6b and 6a/6b being lower than for m4, m5, 4 and 5, reflecting the electron withdrawing character of the thienyl moiety 16 . Similarly, the pyrazine based complex (6b) is more acidic than the analogous pyridine complex (6a), due to the greater electron withdrawing nature of the pyrazine ring 27 .
Electronic properties of Ru(III) complexes
The spectroscopic features of the Ru(III) complexes are summarized in Table 2 .
Oxidation of the mononuclear complexes results in the disappearance of the MLCT bands and the appearance of bands in the region 520-1500 nm. These new bands are assigned as ligand-to-metal charge transfer (LMCT) bands on the basis of their energy and intensity and comparison with structurally related complexes 7e,9,12 . In the UV region, the characteristic splitting and shift to lower energy of the π-π* band (~280 nm)
is indicative of oxidation of metal centres bound to bpy ligands 28 Figure 6 , vide infra). In all compounds 100 % regeneration of the Ru(II) species was observed, confirming the reversibility of the metal oxidation process.
As can be seen in Table 2 Oxidation of the binuclear complexes results in the progressive decay of the MLCT band and the concomitant grow-in of bands in the red and near-IR region of the spectrum. In the case of 5, 6a/6b and H 2 6a/H 2 6b, an additional feature appears in the near infrared region of the spectrum. Initial oxidation leads to the appearance of an absorption band between 1200 nm and 2500 nm ( Figure 6 and Figure 7 ). As the oxidation progresses these bands decrease in intensity and more intense LMCT bands at ~1000 nm develop. Since these are very similar in energy to those found for the mononuclear parent compounds and persist in the fully oxidised species they are attributed to a charge transfer from the bridging ligand to the Ru(III) centres. The increase and subsequent decrease of the near-IR bands during the oxidation process, together with their position and intensity, strongly suggests that this absorption feature represents an intervalence transition (IT) 32 . However no evidence of such intervalence features can be identified for 4. The observation that electronic coupling is not as efficient for meta-substituted aromatic rings has already been noted by several groups [33] [34] [35] . The difference between 4 and 5 in terms of electronic coupling suggesting that the interaction can be explained by a hole transfer superexchange mediated mechanism, since both complexes have similar internuclear separations and hence any through space interactions would be expected to be similar.
The extent of intercomponent interaction is of central importance in the area of supramolecular chemistry. For multinuclear systems, which exhibit metal-based redox activity, the most direct method for measuring the interaction is through electrochemical studies. Whilst K c may in principle serve as a measure of electronic interaction between two metal sites in a binuclear complex, it is somewhat limited in identifying the true strength of the electronic delocalisation (α 2 ) (equation 2) and coupling (H ab ) (equation 3) present. This information can be obtained spectroscopically from the IT bands observed for the mixed valence complexes using equations 2 and 3 36, 37 .
where ε max is the maximum extinction coefficient, ν max is the band position in cm -1 , ∆ν 1/2 is the band width at half maximum (cm -1 ) and d is the metal-metal distance in Å.
[The relevant spectral parameters obtained from these equations are listed in Table 3 together Inclusion of a phenyl spacer further increases the distance between the metal centres.
The level of interaction for these systems (4 and 5) is much lower than would be expected on the basis of the increased distance and reflects the poor ability of phenyl groups in mediating interaction 5, 42 . For H 2 6a and H 2 6b this manifests itself in an increase in the energy of the IT band together with a decrease in its intensity and a reduction in the value of ∆E (see Table 3 On the other hand compounds, such as 1a (Figure 1) Additional information as to the interaction of the metal centres can be obtained from by estimation of the theoretical peak width at half height, ∆ν ½calc using equation 4 39 .
If the value of ∆ν 1/2 obtained from this equation correlates well with the value found from direct measurement, the system can be described as valence localised Ru
Type II. If the IT band is narrower, the system is better described as Type III (valence delocalised) 39 . On the basis of these data (Table 3) Instead it is expected that interaction between the metal centres is taking place via a hole transfer mechanism involving the HOMO of the metal units and bridging ligand 5 .
This is confirmed by the decrease in interaction observed upon protonation of the bridging ligand. In a hole transfer mechanism the extent of the interaction depends on the energy-gap between the dπ metal orbitals (metal-based HOMO) and the σ-orbitals of the bridge 21 . The spectroscopic and electrochemical data show that the ligand-based σ-orbitals are stabilized upon protonation, so that the energy gap between the relevant orbitals increases, leading to decreased superexchange-assisted electronic interactions.
Conclusions
As described in the introduction, the ability to control interaction between metal centres both by external stimuli such as pH and solvent and by variation of the spacer group between metal centres is central to the development of molecular devices. One of the aims of our investigations of the last number of years has been the investigation of intercomponent interactions in dinuclear compounds based on a variety of triazole based bridging ligands. For compounds based on the different bridging ligands shown in Figure 1 it was observed that ground state interaction via hole transfer is strong for 1a/1b but decreases with increasing metal separation. In the phenyl-bridged compounds reported here it is evident that the interaction between the metal centres is reduced considerably. The electrochemical data show that the ground state interaction is much reduced, as expected on increasing the internuclear separation, due to the increasing distance between the metal centres. In addition since the triazole rings are not coordinated to different metal centres as is observed for 1a and 1b, superexchange hole transfer interactions are expected to be reduced. The importance of hole transfer is further highlighted by the observation that upon protonation of the triazole rings no intervalence bands are observed for 5 and are much weaker for 6a/6b. The behaviour of 4 is quite different, as spectroelectrochemical data do not show any evidence for the presence of an intervalence band. This indicates that apart from distance, electronic coupling effects are important. The absence of an intervalence band is in agreement with the expected reduced electronic coupling for meta vs para based systems [33] [34] [35] . In the systems described above it is clear that the presence of a thienyl spacer allows for a dramatic increase in the distance between metal centres compared with systems such as 1a and 1b with only a relatively minor loss in the interaction strength. In addition in these systems the presence of moieties which allow for external manipulation of the interaction strength, make these systems much more applicable to the building of supramolecular devices.
Experimental Methods

Materials
All solvents used for spectroscopic measurements were of Uvasol (Merck) 44 . The synthesis and characterisation of m4, m5, 4 and 5 is reported elsewhere 13 . 
Synthetic methods
2-(5-thiophen-2-yl-4H-[1,2,4]triazol-3-yl)-pyridine (Hpytrth
2,5-bis-(5'-(pyridin-2''-yl)-1'H-1',2',4'-triaz-3'-yl)-thiophene ((Hpytr) 2 th). As for
Hpytrth except: 2,5-thiophene-diacylchloride (prepared by heating at reflux 1. 5 g (8.7 mmol) of 2,5-dicarboxy-thiophene in 30 cm 3 of SOCl 2 ) was reacted with 3 g (22 mmol Table 3 Spectroelectrochemical data, (a) where X-ray structure data are unavailable, d has been estimated from non-optimised Hyperchem molecular modelling (b) taken as double the width at half maximum of the high energy side of the absorption band (c) For complexes with a value of K c ~ 4 the value of ε max is adjusted to account for concentration 44, 45 . 
